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. Summary

In December 1987, the Division of Respiratory Disease Studies (DRDS), Nationd Ingtitute for
Occupationa Safety and Health (NIOSH) received a request from the United Mine Workers of
America (UMWA) to conduct a hedlth hazard evduation at ASARCO's Troy Unit Mine near Troy,
Montana. Potentiad exposuresidentified in the request were diesdl exhaudt, silica, and noise.

NIOSH investigators conducted an initia Site visit and walk-through ingpection on February 2, 1988.
An environmenta and medical survey was conducted July 13-20, 1988.

Persond breathing zone and area environmental samples were collected to characterize employees
exposures to oxides of nitrogen (NO, NO,), cod tar pitch volatiles (CTPV's), polynuclear aromatic
hydrocarbons (PNA's), diesdl particulates, carbon monoxide (CO), ddehydes, respirable silica, and
noise. The 54 passive dosmeters analyzed for oxides of nitrogen indicated that the full shift exposure
levels of NO, ranged from 0.16 ppm to 4.61 ppm with a mean exposure of 1.45 ppm. These results
indicate that exposures were in excess of the NIOSH recommended celling level of 1 ppm. Five of the
54 samples dso exceeded the 1991 American Conference of Governmental Industria Hygienists
(ACGIH) Threshold Limit Vdue (TLV) of 3 ppm.

Results of sampling for CTPV's ranged from 0.11 mg/n* to 1.67 mg/n?. Twelve (67%) of the 18
sample concentrations exceeded the 1991 ACGIH TLV of 0.2 mg/m?. Also 77% of the samples
contained quantifiable amounts of the following PNA's. acengphthene, phenanthrene, anthracene,
fluoranthene, pyrene, and chrysene.

Exposure to diesd particulates ranged from 0.22 mg/m3 to 3.99 mg/m?, with amean concentration of
1.60 mg/m?. The mean exposure for respirable dust in the underground operation was 2.24 mg/n?,
with arange of 0.26 mg/nT to 16.74 m nng The mean exposure for the surface operations was 0.38
mg/n?; range 0.06 mg/m? to 3.36 mg/ -seven percent of al underground sample results
exceeded the calculated MSHA TLV, and 59% exceeded the NIOSH REL for respirable silica.
Seventeen percent of the surface sample results exceeded the calculated MSHA TLV, and 39%
exceeded the NIOSH REL for respirable silica.

Eight-hour time-weighted average (TWA) noise exposures ranged from 65.5 dBA to 103.8 dBA.
Twenty-one of the 22 personal dosimeter readings obtained underground and 6 of the 19 readings
obtained on the surface exceeded the NIOSH REL and the 1991 ACGIH TLV of 85 dBA. Fifty-four
percent of the dosmeter readings exceeded the 1973 ACGIH TLV of 90 dBA adopted by the Mine
Safety and Hedth Adminigration (MSHA).

Reaults of the area samples for CO appeared to be well below the evauation criteria. A concentration
of 0.1 ppm was recorded on 2 of the 17 area measurements for formal dehyde.

The medica portion of the survey consisted of amedica questionnaire, spirometry, and areview of
company collected chest radiographs and audiograms. One hundred twenty-two of the 314 (39%)
employees participated in the sudy. When compared to a group of nonexposed blue-collar workers,
there was an increased prevaence of chronic respiratory symptoms. Review of 293 radiographs
reveded 18 cases of ILO category 1/0 or greater small radiographic opacities and no cases of large
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opacities. Analyss of the audiograms revealed a pattern typical of a population which has been
exposad to excessve noise and suggested deficiencies in the company's hearing conservation program.

The medica findings suggested a pattern of obsiructive airways disease and pneumoconioss. Acute
symptoms were cong stent with exposure to diesel particulate. Whether the chronic hedlth problems
have been the result of exposuresin the Troy Mineisunclear. Because of the low participation rate, a
sdection bias may exig.

On the basis of the environmental data obtained during the survey, NIOSH has
determined that a hedlth hazard existed due to employee exposure to respirable silica,
noise, and products of diesd combustion. Recommendations for reducing potentia
exposures and enhancing the company's medica survelllance program are included in this
report.

KEYWORDS: SIC 1044 (Silver Ores), Diesd Exhaust, Noise, Polynuclear Aromatic Hydrocarbons,
Nitrogen Dioxide, Silica
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On the basis of the environmental data obtained during the survey, NIOSH has
determined that a health hazard existed due to employee exposure to respirable silica,
noise, and products of diesel combustion. Recommendations for reducing potential
exposures and enhancing the company's medical surveillance program are included in this
report.
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[l. Introduction

In December 1987, the Division of Respiratory Disease Studies, Nationd Ingtitute for Occupational
Safety and Hedth (NIOSH) received arequest for a Hedlth Hazard Evaluation (HHE) from the Deputy
Adminigtrator, Occupationa Health, United Mine Workers of America(UMWA). The UMWA
representative asked NIOSH to eval uate employee exposures to diesdl exhaudt, respirable silica, and
noise for the workers at ASARCO's Troy Unit Mine near Troy, Montana.

On February 2, 1988, aNIOSH indudtrid hygienist made an initid gte vigt of the Troy facility. The
NIOSH representative discussed with the company and union representatives the request and ensuing
evauation and conducted a wak-through survey of the mine and mill facilities.

During July 13-20, 1988, a medica and environmenta survey was conducted. The medical portion of
the survey conssted of arespiratory questionnaire and pre and post shift pulmonary function testing.
Also, chest radiographs and audiograms from the employees medica records were obtained for
review. The environmenta portion of the survey conssted of collecting persond breathing zone and
area environmental samples and measurements to determine workers exposuresto diesdl exhaudt,
respirable silica, and noise.

An interim report of the environmental results, conclusions, and recommendations was sent to
the company and union officialsin July 1989. Employeeswere natified of their medicd findingsin
January and February 1990.

1. Process Description®

The Troy Unit Mineis one of the largest Silver minesin the United States and is aso a significant copper
producer. It employs approximately 314 peoplein its two basic operations of mining and ore
concentration. Approximately 140 of the 314 individuas are employed in the underground mining
operation.

The oreis mined by the "room-and-pillar method". This entails extracting ore from huge rooms within
which vertica supporting pillars are left. Each pillar is approximately 45 feet square and extends from
the floor to the roof of the ore body. Excavation of the roomsis started by mining out a 20-foot
horizontal dice at the top of the ore. As mining progresses, miners work from this top dice to drill
down and blast the remaining 40 feet of orein vertica benches.

The extraction process conssts of drilling, blagting, scding and roof bolting, mucking and hauling.
Two-boom jumbo drills are used to bore horizonta holesinto the face of the ore body in the top dice.
For vertica cuts hydraulic bench drills bore vertically to the bottom of the ore body. Explosive charges
are placed in the drill holes and detonated. Loose rock in the roof and walls of the blasted area are
removed using scaling equipment and rock bolts are placed in the roof where necessary to forestdl any
subsequent loosening of the scaled rock surface. The blasted ore is then "mucked” from the area by
diesd-powered front-end loaders. The ore isloaded onto 35-ton diesdl trucks which transport it to the
underground crusher facility. The ore is separated into oversize and undersize pieces. The oversize
materid isfed into ajaw crusher and crushed to lessthan 6 inches. This materid is then transported by
conveyor belt to the secondary crusher on the surface where the materid is crushed to approximately
1/2 inch dimenson. The next stop in the milling process conssts of feeding the fine ore into bal mills,
where it is mixed with water and ground to the fineness of talcum powder.
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In the ensuing step, the durry of pulverized ore is pumped into the flotation process, where the minera
is separated from the waste materia. The copper-silver minera froth is deposited into a concentrate
thickener tank, where it is thickened to 65% solids. The durry isthen filtered to separate the
concentrate minera from theliquid. The solid concentrate is then loaded by a front-end loader onto
trucks for transport to a smelter.

V. Methods and Materias

A. Environmenta

During the period July 13-15, 1988, environmental samples were collected during typica working shifts
(day, evening, night) in the mine in an attempt to evaluate the workers exposures to nitric oxide (NO),
nitrogen dioxide (NO,), cod tar pitch volatiles (CTPV's), polynuclear aromatic hydrocarbons (PNA's),
diesd particulate, carbon monoxide (CO), ddehydes, respirable silica, and noise. Persond breathing
zone samples were obtained on the equipment operators, and area samplers were placed on the
equipment (loaders, trucks, drills) adjacent to or in front of the operator within approximately three feet
of their breathing zone. Area samplers were adso placed in the maintenance area (Pad) in the mine.
During July 18-19, 1988 (day shift), persona samplers were placed on the workersin the secondary
crusher and mill buildings. These samplers measured the workers exposures to respirable silica, NO,
NO,, and noise. The sampling and anadytical methodologies®3459) are presented in Table 1.

B. Medicd

Data were collected from three sources. All 314 employees of the mine were asked to participate in
the medica survey, which included spirometry and amedica questionnaire. Additiondly, the most
recent chest radiographs which were taken as part of the company's periodic medica examination
program were collected and reviewed for 293 workers. Finally, audiograms performed by the
company were obtained from the employees medica records.

NIOSH Examinations

The questionnaire (Appendix 1) addressed job history, cigarette smoking history, chronic respiratory
symptoms, and acute symptoms which developed during the workshift. Spirometric examinations were
administered according to American Thoracic Society Guiddines” employing awaterless rolling sedl
spirometer (Ohio Model 840) with a paper chart drive operated at 20 mm per second. Each
participant performed five forced expirations. The forced expired volume in one second (FEV,) and
forced vita capacity (FVC), converted to body temperature and ambient pressure saturated with water
vapor (BTPS), were recorded from each maneuver. The highest FEV, and FVC fromthe 5
maneuvers were selected for anayss.

In addition to their before-shift examinations, 82 employees were asked to participate in a post-shift
examination which conssted of questions on acute symptoms during the work day (see Appendix |-
Part D of questionnaire on acute symptoms today) and a follow-up spirometry test. These participants
were al the workers who were potentially exposed to diesel exhaust underground and a group of
surface workers who were considered not to be exposed to diesdl exhaust.  There were no data on the
nonparticipants to determine whether results were biased with respect to disease or exposure.
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The prevalence of chronic respiratory symptoms (cough, phlegm, and dyspnea) and the average FEV,
and FV C were compared between Troy workers and a non-dust exposed population in order to
esimate possible dust or diesel particulate effects. "Chronic cough” was defined as a cough on most
days for as much as three months each year. "Chronic phlegm" was defined as the production of
phlegm on most days for as much as three months each year. "Chronic dyspned’ was postiveif the
subject answered yes to having to stop for breath when walking at own pace on the level. Dataon
respiratory symptoms and pulmonary function from a study of unexposed blue-collar workers were
available for this purpose. Although some results from the blue-collar study have been published, 9
the data were retabulated for this hedlth hazard evauation. FEV, and FVC in Troy miners were
compared to predicted values for current, former, and nonsmoking blue-collar workers® and to
predicted vaues for nonsmokers™

The prevaences of acute symptoms often associated with work and arising during the workshift were
compared between workers who were currently employed in surface versus underground locations.

Company Radiographic Examinations

The company's most recent posteroanterior chest radiographs, which had been taken by aloca
hospital on 293 current Troy Mine employees, were collected by the NIOSH investigators. Over 50%
of the radiographs had been taken within one year prior to the NIOSH survey, and over 76% had been
taken within the preceding 3 years.

Each radiograph was classified for pneumoconiosisby 3 "B" readers according to the 1980 ILO
dassfication.® A consensus of the three readers as to type and profusion of small opacities, size of
large opacities, and evidence of pleurd thickening on the chest wall, digphragm, and costophrenic angle
was derived for analyss.

Company Audiograms

The audiograms were not reviewed in order to determine individua's auditory responses to their noise
environment. Rather, the tests were viewed in away that NIOSH could make some statements about
the efficacy of the company's hearing conservation program. A tota of 251 sets of audiograms were
reviewed. Each set conssted of a number of audiometric examinations ranging from one test to 5-6
tests over aperiod of the individua's work history. Generaly, the firgt tests were conducted in 1983,
and results were posted up to 1988 for those employees il a the mine. Oneinitid difficulty
encountered in the andysis was an inability to read the strip paper which contained the microprocessor
audiometer test results. The photocopying of the paper was very poor, and in several instances, some,
or even dl, of the test vaues wereiillegible. Of those tests which could be deciphered, only those
individuas who had received audiometric testing in late 1983 or early 1984 and who had a repest
audiogram in late 1985 or early 1986 were included in further andyses. The reason for choosing these
particular dates was to minimize early learning effects or test anxiety which might be present in the first
reported tests of 1983. The later test date was chosen because the company would include only partia
audiometric results for the 1987 and 1988 tests. Thus, 74 audiometric test results were selected for
andyds.

Potentid hearing loss in workers was eva uated by employing data on the mean hearing level in decibels
(dB HL) in both ears at the seven frequencies tested by the audiometer. Additiondly, the satistic for
the percent better/worse (%BW)® was dso employed. This statitic is established by determining the
percentage of the tested population that shows a hearing leve shift or change of 15 dB HL in either ear
when sequentid audiometric examinations are compared to one another. This gatidtic falsinan
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acceptable range if the percentage of the tested population is 30% or less™® The rationale behind this
datigtic is that people who are responding correctly to the audiometric examination and who are either
exposed to non-damaging noise or who are adequately protected from the noise will exhibit minimal
changes over the short-term time period. Conversdly, if people are being over exposed to noise, or are
not properly indructed in audiometric test taking, they will be prone to show hearing level changesin
excess of 15 dB HL on successive tests.

For the 74 sets of tests, the values from the 1984 examinations were subtracted from the valuesin
1986. A resdua positive value would represent a change for the worse since the 1986 hearing level
would have to be higher than the 1984 test value in order for thisto occur. A change for the better
would be indicated by a negative residud vaue resulting from the 1984 test vaues being greater than
the 1986 test results.

V. Evaduation Criteria and Toxicoloqy

A. Criteria

Evauation criteriaare used as guiddines to assess the potential hedlth effects of occupationa exposures
to substances and conditions found in the work environment. These criteria are generdly established at
levels that can be tolerated by most hedlthy workers occupationaly exposed day after day for a
working lifetime without adverse effects. Because of variation in individua susceptibility, asmdl
percentage of workers may experience hedlth problems or discomfort at exposure levels below these
exiding criteria Consequently, it isimportant to understand that these eva uation criteria are guidelines,
not absolute limits between safe and dangerous levels of exposure. Findly, evauation criteria may
change over the years as new information on the toxic effects of an agent become available.

The primary sources of environmenta evaluetion criteria considered in thisreport are: (1) NIOSH
recommended exposure limits (REL's)*1519) (2) the 1991 American Conference of Governmental
Industrial Hygienists (ACGIH) Threshold Limit Values (TLV'9®?, and (3) the 1973 ACGIH TLV's
adopted by the Mine Safety and Hedlth Adminigtration (MSHA) for metal and nonmetalic underground
mining.%819 The NIOSH recommendations and the current ACGIH TLV's are often lower than the
corresponding MSHA standards.

The exposure criteriaare reported as. time-weighted average (TWA) exposure recommendations
averaged over the full work shift; short-term exposure limit (STEL) recommendations for a 10-15
minute exposure period; and celling levels (C) not to be exceeded for any amount of time. These
exposure criteria and standards are commonly reported as parts contaminant per million parts air
(PPM), or milligrams of contaminant per cubic meter of air (mg/n¥). For the substances monitored
during this survey, the environmentd criteriaare liged in Table 2.

B. Toxicology

This section describes the possible toxicological and physiologica effects in workers exposed to the
substances monitored during the survey. These effects are described so workers will be familiar with
the symptoms and health consequences of overexposure. The effects depend upon such factors as
concentration of the materid, length of exposure, individud susceptibility, workload, and possible
synergistic or additive effects of more than one substance.
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Oxides of Nitrogen

There does not gppear to be any definitive datain the scientific literature concerned with the chronic
effects in humans or animals exposed to NO at low concentrations. It is known that exposures at high
concentrations of NO interferes with the oxygen carrying capacity of blood in both humans and
experimental animas. It isaso improbable that exposures to NO aone, as opposed to a mixture of
NO and NO,, would occur in an occupationa setting.®? Animal experimental data suggest that NO is
about one-fifth as toxic as NO, and that in mixtures with carbon monoxide, as well as NO,, additive
effects should be assumed.

It is difficult to extrgpolate anima data to occupationa exposure. However, two important etiologies
have emerged from animal research. First, a specific concentration of NO, with intermittent exposure is
less toxic than with continuous exposure. Second, the toxic hazard associated with NO, during
continuous exposure is primarily determined by the peak and not by the average concentration of
exposure. There are data which indicate nearly equivaent effect on the severity of experimenta
respiratory infections from continuous exposure a 2.0 ppm and from continuous exposure a 0.5 ppm
with 1-hour pesks a 2.0 ppm, and that brief high-level exposures are more hazardous than longer
exposures at low concentrations.®

Studies conducted on persons with chronic respiratory disease (bronchitis) indicate that 15-minute
exposure to NO, at concentrations above 1.5 ppm result in an increase in smdl airway resistance
resulting in decreased pulmonary function. Similar changes have been observed in hedlthy subjects
exposed a 4-5 ppm. The specific concentration at which these changes begin to occur in normal
human subjects is unknown, but it islikely to be a about the same concentration as the one inducing
pulmonary changes in persons with existing chronic bronchitis?

Inhalation of NO, ranging from 50-100 ppm causes irritant cough, headache, and breathlessness. If the
concentration is high enough (100-500 g)gm), acute pulmonary edemamay develop after a
characteristic delay of up to 12 hours,4?

Cod Tar Pitch Vdlatiles’Polynudear Arometic Hydrocarbons

CTPV'sinclude the fused polycydlic hydrocarbons (PNA's) thet volatilize from the digtillation resdues
of codl, petroleum (excluding asphalt), wood and other organic matter.®® The potential adverse hedth
effects of PNA's are well recognized.”>?? Repeated exposure to CTPV's has been associated with an
increased risk of developing bronchitis and cancer of the lungs, skin, bladder, and kidneys.*¥ Severa
of the PNA's which have been found in gasoline and diesdl exhaust are known to be carcinogenic
based on anima studies®*?® Also, ACGIH includes chrysene and benzo(a)pyrenein its list of
industrial substances suspect of carcinogenic potentia for man. "

Diesd Paticulate

Diesd particulates are submicron in size and are comprised of insoluble carbonaceous matter and
adsorbed soluble hydrocarbons. It has been suggested that the particulates act as carriers of other
diesdl exhaudt pollutants (sulfur dioxide, nitrogen dioxide, sulfates) and trangport the irritantsinto the
deeper, and more sengitive, recesses of the lung. Therefore, diesdl particul ate appears to promote
synergistic adverse hedlth effects. (%62

In 1986, NIOSH issued a document which stated that workers exposed to diesel exhaust experienced
eyeirritation and reversble decrements in pulmonary function. There did not gppear to be a causa
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relationship between exposure to whole diesel exhaust and cancer; but, based on anima studies, such a
relaionship was plausible®” Based on additional anima studies, NIOSH in 1988 recommended that
whole diesdl exhaust be regarded as "a potential occupational carcinogen™ and that worker exposure be
reduced to the lowest feasible limits)

Carbon Monoxide

The main effect of CO exposureis its effect in lowering the oxygen-carrying capacity of blood. The
early typicad signs and symptoms of acute CO poisoning are headache, dizziness, fatigue and nausea.®
Generdly speaking, employee exposure to CO at less than the NIOSH recommended exposure limit of
35 ppm will prevent acute CO poisoning and provide protection from adverse hedth effects.

Formaldehyde

Formadehyde is an intenseirritant of the upper respiratory passages. For this reason, systemic
poisoning is unlikely since workers would be compelled to leave the exposure area before levels
sufficient to cause systemic poisoning were reached. Acute exposure to formadehyde can cause a
variety of symptoms. The first symptoms noticed on exposure to concentrations ranging from 0.1to 5
ppm are burning of the eyes, tearing, and generd irritation of the upper respiratory passages.®

Currently, NIOSH recommends that, "formal dehyde be handled as a potential occupationa
carcinogen” based on studies in which laboratory rats exposed to formaldehyde vapor devel oped nasal
cancer. Based on these studies and forma dehyde's demonstrated mutagenic capabilities, NIOSH
recommends the reduction of occupationa exposure to "the lowest feasible limit", %

Respirable Dugt/Free Silica

Cryddlinedlica, referred to asfree slica, is defined as sllicon dioxide (SO,) in the form of quartz,
tridymite, and cristobdite. The chief concern of excessive free slica exposure is the development of
dlicogs. Thisform of pneumoconiosisis characterized by a nodular pulmonary fibrosis caused by the
inhdation and pulmonary deposition of dust containing crystdline sllicon dioxide. In slicods, asin many
other pneumoconioses, the various stages of progression of silicotic lesions are related to the degree of
exposure to free silica, the duration of exposure, and the length of time the dust is permitted to react
with thelung tissue. Clinicad symptoms of silicoss may include, cough, sputum production, and
shortness of breath. There may be little or no symptoms or decrementsin pulmonary function when
only discrete nodular (Smple) slicossis present. The two main complications of smple slicoss arethe
development of complicated forms of disease and tuberculosis. Simple slicosis has a definite tendency
to progress even in the absence of further exposure to dust containing free silica® NIOSH also
considers silicato be a potential occupational carcinogen.®

Noise

Exposure to excessive noise causes hearing loss which may be temporary or permanent, depending on
the level and frequency characteritics of the noise, duration of exposure, and the susceptibility of the
individud.®® Temporary hearing loss means that the person's hearing sensitivities will return to normd,
given adequate time away from significant sources of noise %2 Permanent losses areirreversible and
cannot be corrected by conventiona therapeutic procedure.GV
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Noise-induced hearing loss is a difficult problem because, as arule, the damage develops over along
period of time and the loss of hearing may not be apparent until a congderable amount of damage has
been done.

Excessive noise exposure may aso evoke extra-auditory effects. These can include devationsin blood
pressure and increased nervous tenson. Work in anoisy environment may aso effect the quality and
efficiency of job performance and may have safety implications.?

V1. Reaults and Discusson

A. Environmentd

Samples, for which TWA's were computed, were collected over the length of a norma work period.
For some of the area samples, the sampling period was less than eight hours, however, a zero vaue
was not assgned to the unsampled portion of the work shift in computing the TWA's because it was
assumed that there was exposure throughout the work shift.

Oxides of Nitrogen

Nitrogen dioxide and nitric oxide are components of diesd exhaudt. Fifty-two persond breathing zone
and two area passive dosmeters were collected in the mine and analyzed for oxides of nitrogen. Also,
13 detector tube samples for NO, were obtained. The full-shift exposure levels of NO, measured with
the dosimeters ranged from 0.16 ppm to 4.61 ppm with a mean exposure of 1.45 ppm (Tables 3,4).
These reaults indicate that exposures were in excess of the NIOSH recommended celling level of 1
ppm. Also five of the 54 samples exceeded the 1991 ACGIH TWA of 3 ppm. With TWA's greater
than 3 and 4 ppm, it islikely that the MSHA ceiling standard of 5 ppm for NO, was aso exceeded
sometime during the work shift.

None of the 13 detector tube readings for NO, (Table 5) exceeded the MSHA TLV. However, nine
exceeded the NIOSH recommended limit. The full shift NO exposure measured with the passive
dosimeters (Table 3) ranged from 0.56 ppm to 24.76 ppm, with a mean exposure of 10.99 ppm.
None of these measurements exceeded the current standard of 25 ppm TWA.

Twelve persond breathing zone samples were collected on workers in the surface operations using
passive dosmeters. Asindicated by the vaues recorded in Table 6, the surface workers were exposed
to minima amounts of oxides of nitrogen.

Review of the MSHA sampling data collected during the period November 1980 through August 1987
indicated that MSHA had taken 102 detector tube readings for NO, inthe mine. Of the 102 samples,
two exceeded the MSHA standard of 5 ppm (ceiling) and 57 (56%) equalled or exceeded the NIOSH
REL of 1 ppm (ceiling). Vaues ranged from O ppm to 9 ppm, with a mean of 1.47 ppm.

Cod Tar Pitch Vdlatiles’Polynucear Aromatic Hydrocarbons

Reaults of area sampling for CTPV'sand PNA's are presented in Table 7. Fifteen filter samples were
andyzed for benzene soluble CTPV's and 18 filter/solid sorbent tube samples were andyzed for 14
individua PNA's,
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Results of sampling for CTPV's ranged from 0.11 mg/n® to 1.67 mg/m?. Twelve (67%) of the eighteen
sample concentrations were above the 1991 ACGIH TLV and the MSHA adopted 1973 ACGIH
TLV of 0.2 mg/n?,

The PNA concentrations presented in Table 7 are the sum of the particulate PNA's collected on the
filter and the vapor state PNA's collected on the back-up sorbent tube. In some cases the compounds
were detected only on the filter and in others only on the sorbent tube. No PNA's were detected on
the two samples collected outside the mine. Of the 14 different PNA's analyzed for, only six
(acenaphthene, phenanthrene, anthracene, fluoranthene, pyrene, chrysene) were detected.

The 1973 ACGIH TLV's, which MSHA requires metal and nonmetallic underground mines to abide
by, consider CTPV'sto be (benzene soluble fraction) anthracene, benzo(a)pyrene, phenanthrene,
acridine, chrysene, and pyrene. It seems from this context that the presence of any of these or smilar
compounds would establish the aerosol asa CTPV. However, MSHA does not consider 'petroleum
(diesdl) combustion to be asource of CTPV.

PNA's are perhaps the most ubiquitous of carcinogenic agents that have been detected in the
atmosphere. It isnot possible to quantitate the potentia human hedlth risks incurred by the interaction
of PNA's either among themsalves or with other agentsin the environment.®® However, in developing
its criteria document for carbon black, NIOSH concluded that carbon black by itself had not been
shown to cause cancer, but the carcinogenicity of the benzene extracts of carbon black was well
documented. Reports on the carcinogenicity of the PNA's absorbed on the carbon blacks, their
eutability by human plasma, and the ability of carbon black to enhance retention of known carcinogens
indicated that occupational exposure to carbon black posed a significant carcinogenic hazard.*¥ Based
on these NIOSH conclusions and the opinion that diesd particulates are very smilar to carbon black in
Sze, structure, composition and method of generation, it would be prudent to consider the leve of
PNA's and CTPV's detected during the survey astoxicologicaly sgnificant. Whether they are of
sgnificant magnitude to increase cancer rates is not known.

Died Particulates

A tota of 30 persond breathing zone and area samples were collected in the mine in an effort to
determine the diesd fraction of respirable dust. In addition to the samples being collected and analyzed
as described by Cocalis, J. et a®©, 23 of the filters were subjected to low temperature ashing (LTA)
per NIOSH Analytical Method 7500 in an attempt to determine or verify what percentage of the sub-
micrometer particles collected was actudly of organic/diesd origin.

Ascan be seen in Table 8, amgjor portion of the total respirable mass collected conssted of sub-
micrometer particles (diesdl fraction). Diesd fraction concentrations ranged from 0.22 mg/m?® to 3.99
mg/m? with amean concentration of 1.60 mg/n. Low temperature ashing of the filters indicated that
the particulate on the filters was apparently organic/diesdl particulate and not hard rock dust, sSncein
amog dl cases, more than 90% of the particulate weight was logt after washing.

Carbon Monoxide

The results for carbon monoxide, as shown in Table 9, varied from gpproximately 2 ppm to grester
than 25 ppm. The investigators were unable to determine definite concentrations for eight of the
nineteen samples collected because the maximum readable amount on the detector tube was exceeded.
The range of measurement in ppm for maximum duration of use (T 4 hours a 20 cc/min) is2.5t0 25
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ppm. It did not appesar that the 1973 ACGIH (MSHA) and the 1991 ACGIH TLV of 50 ppm, or the
NIOSH REL of 35 ppm were exceeded.

Formadehyde
Seventeen area measurements for forma dehyde were collected. Results for al but two of the samples

were |ess than the limit of quantitation (0.09 ppm). A concentration of 0.1 ppm was recorded for a
sample on aloader and atruck.

Respirable Silica

Tables 10, 11, and 12 presents and/or summarizes the results of respirable dust samples collected for
the various job categories in the underground and surface operations. A tota of 34 persona breathing
zone and area air samples were collected underground and 23 persond breething zone samples for the
surface operation. These samples were analyzed both gravimetricaly and for free silica content by
x-ray diffraction. No cristobdite was found in any of the samples. Quartz was the only form of
crysdline slicaidentified. Thelimit of detection for both quartz and cristobalite was 0.018 mg/n'.

The overal mean exposure for respirable dust in the underground operation was 2.24 mg/m? with a
range of 0.26 mg/m?® to 16.74 mg/m®. The persond breathing zone samples collected in the surface
operations had a mean respirable dust concentration of 0.38 mg/m?; the range was 0.06 mg/m?® to 3.36
mg/m?. The samples collected in the surface operations had a greater mean quartz content (percent by
weight) than the samples collected underground. The surface samples had a mean quartz content of
approximately 24%, as compared to 7% for the underground samples. Forty-seven percent of dl the
underground samples exceeded the caculated MSHA TLV, and 59% exceeded the NIOSH REL for
respirable sllica. Seventeen percent of the surface samples exceeded the caculated MSHA TLV, and
39% exceeded the NIOSH REL for respirable silica.

Review of the MSHA sampling data reved ed that from 1980 through 1987, gpproximeately 85
respirable dust samples had been collected in the underground and surface operations at the Troy Unit.
Approximately 26% of al the MSHA samples exceeded the MSHA calculated TLV, and
approximately 35% exceeded the NIOSH REL for respirable silica.

Noise

Results presented in Table 13 show that the workers in both the underground and surface operations,
especidly the underground operation, were potentialy exposed to excessve noise. Eight-hour TWA
exposures ranged from 65.5 dBA to 103.8 dBA. Twenty-one of the 22 persona dosimeters readings
obtained underground and six of the 19 readings obtained on the surface exceeded the NIOSH REL
and the 1991 ACGIH TLV of 85 dBA for an eight hour exposure. Eighteen of the 22 and 4 of the 19
also exceeded the 1973 ACGIH (MSHA) TLV of 90 dBA for an eight-hour exposure.

During the period 1980 through 1987, MSHA collected approximately 103 persona noise dosmeter
measurements at the Troy Unit. Approximately 44% of the measurements exceeded the MSHA
standard. In 1982, representatives of MSHA's Physical Agents Division, Denver, Colorado conducted
anoise survey a the Troy Unit. They evaluated the Wagner 35-ton truck, Caterpillar-Rome truck and
Caterpillar 980 loader to determine if any engineering controls could be implemented to reduce the
operators noise exposure. It was determined that certain modifications could be and were
implemented to reduce the noise levels on these pieces of equipment. However, there are many other
pieces of equipment (i.e. Caterpillar Front End Loaders 930 and 910, Atlas Copco track drills ROC
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808's and 812's) used at the Troy Unit which apparently have not been eva uated since no information
on these pieces of equipment is provided in MSHA's Noise Control Abstracts®. Also, the Atlas
Copco Jumbo Drills used at the Troy Unit do not have operator cabs. Information provided in the
Noise Control Abstracts indicates a Significant noise reduction when cabs are present. Therefore, if the
equipment has not been evaluated and in the case of the jumbo drills, it would be inappropriate to Sate
that dl feasible engineering controls were being used.

ASARCO conducts audiometric testing for al new employees and periodic testing of individuas
employed in areas designated by the company as noise hazardous. Personal hearing protection is also
provided for al the workers a the Troy Unit.

Respiratory Protection

During the survey, it was apparent that the company relies on the use of persond respiratory protection
to protect the hedth of the worker. The respiratory protective devices provided are approved to
protect the worker from the particulates and organic vapors that may be present in the work
environment. However, based on discussions with the workers, at least two problems exist. First, the
workers either are not adequately informed about the proper use of the respirators provided and/or
they do not trust the information provided by the respirator manufacturer and/or the company.
Secondly, there is no established/written respiratory protection program at the Troy Unit. A respirator
program congstent with the requirements of ANSI Z88.2-1980, published by the American Nationa
Standards Indtitute and entitled "American Nationa Standards Practices for Respiratory Protection™
would insure that the workers are properly informed and protected.

B. Medicd

Quedtionnaire and Spirometry

Because only 122 (39%) of the 314 current employees participated in the NIOSH medica survey, the
gpplicability of the HHE results to the entire Troy Mine work forceis unclear.

The estimated prevaence of chronic cough and phlegm in the 122 workers was higher in Troy miners
than in the unexposed blue-collar (BC) workers regardless of cigarette smoking habit (Table 14).
There did not gppear to be a higher prevaence of chronic dyspneain Troy miners than BC workers.

Observed basdine vaues of FEV; and FVC in the Troy miners were either equa to or significantly
higher than the BC and Knudson (KN) predicted values, regardless of cigarette smoking habit and age
group (Table 15).

The workers were asked about the frequency of acute symptoms while at work. Table 16 presents the
prevalences of those symptoms reported occurring often by surface or underground job category.
Surface workers reported cough and sneeze more frequently, while underground miners had higher
prevalences of work-related eye irritation, upset ssomach, and headache. Although there are no norms
for prevalences of these symptomsin unexposed workers, many of the symptoms are consistent with
exposure to airborne irritants, including diesal exposures.®® On the other hand, these symptoms could
aso be due to etiologic factors other than Troy Mine exposures.

The prevaence of acute symptoms which were reported to have developed during the work day
appear high in the 81 workers who completed the post-shift questionnaire (Table 17). Same day recall
may have helped boost this number.
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In the 81 workers who had performed pre- and post-shift spirometry (Table 18), the average declinein
FEV, and FVC over the workshift was similar between workers employed underground and those at
the surface. The average changein FEV,; was datidticaly different than zero in underground workers,
and the average change in FVC was satigticadly different than zero in both underground and surface
workers. When compared to the shift changes observed in non-dust exposed blue-collar workers,
underground workers had Satisticaly larger average FEV; and FV C declines and surface workers had
adatigtically larger FVC decline. Overdl, 14 (8 surface, 6 underground) of the 122 participants (11%)
showed an obstructive pettern in their pulmonary function which is not statisticaly different from the 8%
observed in the non-dust exposed blue-collar workers. Of these, Six were current smokers, 7 former
smokers, and one had never smoked. No cases of restriction were found.

Company Radiographic Examinations

In 293 workers with available radiographs, there were 18 (6%) cases of 1LO category 1/0 or greater
small radiographic opacities and no cases of large opacities (Table 19). Rounded and irregular small
opacities were present in each case. Irregular opacities were the primary opacity in 6 cases, rounded in
9 cases, and no consensus (both types) in 3 cases. Pleura thickening on the chest wall and at the
costophrenic angle was reported in one case who also had evidence of irregular opacities.

In 431 blue-collar workers with less than 1 year in a dusty job, the prevaence of smal opacities was
0.2% (1/431) in the total group, 0.4% (1/226) in current cigarette smokers, and 2.3% (1/44) in current
cigarette smokers over age 40.°" Thus, the prevalence of radiographic small opacity cases was higher
in the Troy miners than in the unexposed BC group. Whether radiographic findings are due to Troy
Mine exposures or to dust exposures in other jobs could not be determined from these data. The short
work tenures at Troy Mine and evidence of irregular opacitiesin many cases argue againg Troy Mine
dust exposures as the sole explanation for the findings.

Company Audiograms

In order to view the overal hearing levels of workers at this mine, the arithmetic mean vaue for the left
and right ear test results from the 1986 examination were calculated and plotted. The pattern seenin
Figure 1istypica of apopulation which has been exposed to excessve noise. This pattern istypified
by hearing level vaues in both the left and right ears near normd at low frequencies (500 to 2000 Hertz
(H2)) and with arapidly doping higher frequency loss a 3000, 4000, and 6000 Hz. Findly, adight
recovery is noted at the test frequency of 8000 Hz. This configuration is called a"noise notch™ and
represents a permanent, sensori-neura hearing loss usualy from overexposure to noise.

It must be noted that this analysis can only be afirgt approximation to the typica hearing ability profile
because of incomplete information in the audiometric tests which were sent for andysis. No age
correlations were made on these data because not dl tests included thisinformation. Also, no
dlowance for the area where the worker was assigned at the time of the audiometric test or the amount
of timethe individua had been employed by the mine wasincluded in the anadlysis. All of these latter
variables can have an effect on the mean hearing level vaues but were not factored into this andysis
because of their unavailability.

When these test data were calculated for the %0BW datigtic, this andysis showed a %0BW value of
62.27, aresult well into the unacceptable range.*® Spedificaly, 15 individuas exhibited a change for
the better, 23 individuals changed for the worse, and 8 people showed both a better and worse change
a different frequencies. Thus, it gppears that the validity of the tests being recorded was questionable.
The fact that 8 of 74 individuas (10.8%) showed both positive and negative changes of 15 dB HL or
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greeter leads one to believe that the audiometric examinations were not accurate representations of the
workers hearing abilities. Whether the changes for the worse in 23 workers were the result of the
occupationa noise exposure at the Troy Mine cannot be determined from these limited deta.

Two maor deficiencies were noted in the review of al of the audiometric test data sent to NIOSH.
Firgt is the inaccurate and incompl ete recordkeeping seen on severd of the audiometric tests. The
company isusing aform which asks severa pertinent questions about the State of the worker's hearing.
However, in most instances where more than one test was included for a given worker, the examiner
failed to completdy fill out the form for each annud examination. In some ingtances, only the worker's
name was included with no additiona information. Because severd workers with common surnames
are employed by thismine, it makesit very difficult to determine if the test results are from the same
person. There were dso variations observed in data on successive examinaions for the same individua
(same last name and socia security number). These variations included birth date, age, and work and
military histories. These data must be accurate in order to completely anayze the effectiveness of the
hearing conservation program. The data of the audiometric test were o in question on severd of the
reported examinations. There were instances where the test date was not entered into the
microprocessor aswell as obvioudy incorrect test dates being entered. The dates of calibration of the
audiometer were dso missing from the data.

The second deficiency observed isthe company's decision to limit the test frequencies being reported
on the 1987 and 1988 audiometric tests. Results through 4000 Hz only were recorded on the workers
forms. Thisisamgor flaw in the program. Test results at 6000 and 8000 Hertz are crucid if oneisto
determine if the changesin hearing are the result of noise exposure and dso to determine the
effectiveness of the company's decisions on the use of hearing protection devices, the types of these
devices, and whether the employees are wearing them properly once they have been issued.

VIl. Conduson and Recommendations

A. Environmentd

On the basis of the environmenta information obtained during the survey at the Troy Unit, NIOSH has
determined that a health hazard existed due to employee exposure to respirable silica, noise, and
products of diesd combustion.

The following recommendations are offered to assure that the chronic exposures to the contaminants
are kept to aminimum and/or diminated:

1. Fromdiscussonswith company officids and MSHA personnd, it is gpparent that alarge volume
of forced air ventilation is provided to the mine. However, the mineis very large and thereis not
aufficient air velocity and/or the air is not properly directed to dilute or remove the contaminants
from the working aress. A better ventilation plan should be designed and implemented to increase
ar movement in the working aress.

2.  Theexcess cancer risk for workers exposed to diesdl exhaust has not been quantified, but the
probability of developing cancer should be decreased by minimizing exposure.?®  As a prudent
hedlth policy, employers should reduce exposures to the lowest feasible limits. This can be
achieved by good mine ventilation, proper maintenance of the diesel engines, and indtalation of
various engineering controls (scrubbers, cataytic purifiers, filters) on the engines to reduce the
pollutants emitted.
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3. Ingenerd, anoise control/hearing conservation program was present at the Troy Unit. Persond
hearing protective equipment was provided and medical surveillance was conducted. However, it
gppeared that additiona engineering controls should be implemented which would reduce the
noise levels. It isrecommended that representatives of MSHA's Physica Agents Division,
Technica Support, be requested to assist the company in designing and evauating noise controls
on the equipment which was not included in their 1982 survey. It is aso recommended thet the
feasible engineering controls be ingtaled, maintained, and periodicaly evauated.

4. Where accepted engineering control measures have not been developed or when necessary by the
nature of the work involved (for example, while establishing controls or occasiond entry into
hazardous areas to perform maintenance), employees may work for reasonable periods of timein
concentration of airborne contaminants exceeding permissible levelsif they are protected by
appropriate respiratory protective equipment. When respiratory protective equipment is used, an
edtablished program for sdection, maintenance, training, fitting, supervison, cleaning, and use shall
be established as required by MSHA regulations. It is recommended that arespirator program
consigtent with the requirements of ANSI Z88.2-1980, published by the American Nationa
Standards Ingtitute and entitled " American National Standards Practices for Respiratory
Protection ANS| Z88-2-1980", approved March 11, 1981 be established at the Troy Unit. The
attached Appendix |1 provides agenera description of the ANS! requirements for a respiratory
protection program.

B. Medicd

The prevaence of chronic respiratory symptoms was higher in Troy minersthan in aprevioudy
reported study of unexposed blue-collar workers. Additionaly, radiographic results indicated a higher
prevaence of smal radiographic opacitiesin Troy miners than in the unexposed workers after
accounting for differences in age and cigarette smoking habit. Surface and underground workers
showed asimilar declinein average FEV,; and FVC over the work shift. Both groups had a greater
decline in average FV C and underground workers had a greater decline in average FEV; than that
observed in the unexposed blue-collar workers.

Whether chronic health effects have been the result of exposure to diesd particulates and respirable
dust in the Troy Mineis unclear for severd reasons. Firdt, the prevaence of symptoms and pulmonary
function abnormalities may have been over or underestimated if non-participants in the NIOSH
examinations were different than participants. Because the participation rate was only 39%, the
gpplicability of the results to the entire workforce is unclear. Second, exposure from employment in
other dusty jobs could contribute to the chronic disease findings.

The higher prevalences of chronic respiratory symptomsin the participants and declinein FEV,/FVC
ratios in 14 workers are consistent with chronic obstructive lung disease. However, whether these
findings were caused by exposures at the Troy Mineisunclear. Exposures a the Troy Mine are an
unlikely explanation because the mine was in operation only eight years.

Diesdl exposures over longer periods of time have not been associated with chronic lung disease.
Silicosistypicaly requires an exposure period of 15 or more yearsto develop. Although dust
exposures at Troy cannot be ruled out, more likely explanations are selection excluding alarge number
of hedthy workers from the study or confounding from exposures in previous dusty jobs other than at
the Troy Mine. In any event, these hypotheses cannot be verified from available information. Because
some Troy miners have evidence of obstructive lung disease and smdl radiographic opacities



Page 16 - Health Hazard Evaluation Report No. 88-104

characteristic of pneumoconioss, there should be continued concern to prevent further devel opment of
dust-induced disease in these workers by adherence to federal exposure standards and NIOSH REL's.

Pneumoconiosisis a condition characterized by the deposition of dust in the lungs and the reaction of
the lung tissue to thisdugt. It can frequently be detected in a preclinica phase before symptoms
develop and the effected individua would otherwise seek medicd attention. Intervention, primarily in
the form of exposure reduction, is more beneficid in the preclinical phasethan inaclinicd phase. Early
intervention will often limit permanent damage, a critica point snce nearly al pneumoconioses have no
effective treatment.

The screening method that is generdly available to recognize pneumoconiosisis the chest x-ray. The
chest radiograph is reproducible, acceptable, and widely available. Equipment, expertise, and
experience to obtain and interpret chest x-rays satisfactory for the detection of pneumoconiosisis
readily available. Aninternationa classification for evauating chest x-rays for the presence of
pneumoconioss exists and includes standard x-ray example films. To increase the x-ray reader's
expertise in interpretation, NIOSH has developed teaching materias and an examination (B reader) to
document areader's ability in this area.

Recommended methodology for x-ray surveillance would follow NIOSH guideines for obtaining the x-
rays and use NIOSH certified "B" readers, or radiologists with comparable expertise, to interpret the
films. Agreement among two or three readersis suggested.

NIOSH recommends that medica examinations should be made available to al workers subject to dust
and silicaexposure prior to employee placement.®? Examinaions shall indude as aminimum:

1. A medica and occupationa history to dlicit data on worker exposure to
dust and signs and symptoms of respiratory disease.

2. A chedt radiograph (posteroanterior 14" x 17") classified according to the
1980 ILO Internationa Classification of Radiographs of Pneumoconioses.

Repesat chest x-ray isrecommended at 5-year intervals.

3. Pulmonary function tests including forced vital capacity (FVC) and forced expiratory volume at
one second (FEV,) to provide a basdine for evauation of pulmonary function and to help
determine the advisability of the workers using negative- or positive-pressure respirators. Repest
spirometry is recommended at yearly intervals and a termination of potentia exposure or of
employment.

4. Body weight.
5. Height.
6. Age

If positive findings are found on the chest x-ray or spirometry tests or both, the worker should be
notified and be referred for further clinica evauation to establish whether the condition is work-related.
If workplace-rdated airways obstruction or pneumoconiosis is confirmed by the clinica evauation, the
workplace environment should be evauated, and the worker should no longer be exposed to the
inciting agent(s).

Inlight of the many adverse hedth effects of smoking, it would seem prudent for the company to
encourage cigarette abstinence and to provide smoking cessation and incentive programs for the
employees.
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A hearing conservation program should be designed and administered in a manner to protect workers
with significant occupationd noise exposures from suffering materid hearing impairment even if they are
subject to such noise exposure over their entire working life time. An important step or processin an
effective hearing conservetion program is audiometric testing. The deficiencies noted in our review of
the ASARCO audiograms would lead one to question the vaidity and reliability of their audiometric
testing program.

Currently MSHA does not have arequirement nor published guiddines for a hearing conservation
program. However, they are planning to propose such arequirement. On the other hand, the
Occupationd Safety and Hedlth Administration (OSHA) has a hearing conservation requirement for
generd industry which includes excellent guiddines for audiometric testing. NIOSH has acriteria
document which aso provides excellent guidelines for an effective hearing conservation program. We,
therefore, recommend that ASARCO consult both the OSHA and NIOSH documents (references 15
and 38) for guidance in establishing and maintaining an effective hearing conservation program.
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TABLE 1
SAMPLING AND ANALYTICAL METHODOLOGIES

Troy Unit Mine
Troy, Montana
RDHETA 88-104
Substance Sampled Sampling Media Flow Rate  Andytica Method
Andyticd Method
(LPM) Reference
Oxides of Nitrogen Triethanolamine - Visble Spectrophotometry
Pames, E.D@?
(NO,, NO, NO, (Passive Dosimeter) -
Drager Short Term Direct Reading
Drager @
Detector Tube
Cod Ta Fitch Volatiles PTFE Laminated 1.0 Gravimetric
NIOSH Method 5023®
Membrane Filter
Polynuclear Arométic PTFE Laminated Membrane 2.0 Gas Chromatography
NIOSH Method 5515
Hydrocarbons Filter Plus ORBO 43 Tube Capillary Column, FID
Died Paticulates Cyclone-Impactor-PVC Filter 2.0 Gravimetric/LTA
Cocdlis, J¥ NIOSH
Method 7500
Carbon Monoxide Drager Long-term Detector 0.02 Direct Reading
Drager®
Tube
Aldehydes ORBO 23 Tube 0.05 Gas Chromatography (FID)/
NIOSH Method 25020
Mass Spectrophotometry
Respirable Silica PVC Filter 1.7 Gravimetric/X-Ray
NIOSH Method 0500 and
Powder Diffraction
7500
Noise Gen Rad Type 1954-9710 - Direct Reading
GR 1954 Noise Dosmeter,

Persona Noise Dosmeter
Gen Rad Inc.

Concord, Mass. 1978

NOTES. LPM - Liters per minute.
NO,, NO, NO, - Oxides of nitrogen, nitric oxide, nitrogen dioxide.
References are listed in section VI of the report.



SUBSTANCE

Nitrogen Dioxide

Nitric Oxide
CTPV's

PNA's

Died
Particulates

Carbon Monoxide
Formaldehyde

Respirable
Cryddline
(Quartz)

Noise
8 hr/day
6 hr/day
4 hr/day
2 hr/day
1 hr/day
1/4 hr/day
1/8 hr/day

ENVIRONMENTAL CRITERIA

NIOSH

1 ppm (Celling)

25 ppm (TWA)

0.1 mg/n?® (TWA)
(cyclohexane-solubles)

None

Lowest Feasble Limits
35 ppm (TWA)
Lowest Feasble Limits

0.05 mg/n? (TWA)

85 dBA
87 dBA
90 dBA
95 dBA
100 dBA
110 dBA
115 dBA

TABLE 2

Troy Unit Mine
Troy, Montana
RDHETA 88-104

1991 ACGIH

3 ppm (TWA)
5 ppm (Celling)

25 ppm (TWA)

0.2 mg/m?® (TWA)
(benzene-solubles)

None

None
50 ppm (TWA)
1 ppm (TWA)

0.1 mg/n? (TWA)

85 dBA
87 dBA
90 dBA
95 dBA
100 dBA
110 dBA
115 dBA

1973 ACGIH

5 ppm (Ceiling)

25 ppm (TWA)

0.2 mg/n? (TWA)

(benzene-solubles)

None

None
50 ppm (TWA)
2 ppm (Ceiling)

10 mg/n?

(MSHA)

% Respirable quartz + 2

90 dBA
92 dBA
95 dBA
100 dBA
102 dBA
115 dBA

Slica



Date

7/13/88

7/14/88

TABLE 3

NO,/NO/NO, TWA EXPOSURE (MINE UNDERGROUND)
USING PASSIVE DOSIMETERS (PALMES METHOD)

Job

Blade Operator
Loader Operator
Track Drill Operator
Jumbo Drill Operator
L oader Operator
Powderman

Truck Driver

Truck Driver

Truck Driver

Bolter Operator
Truck Driver

Bolter Helper

Truck Driver

Pad Area (Shop)
Bolter Operator
Truck Driver

L oader Operator
Loader Operator
Truck Driver

Truck Driver

Truck Driver
Powderman

Jumbo Drill Operator
Bolter Operator
Powderman

Water Truck Driver
Track Drill Operator

Primary Crusher Helper

Track Drill Operator
Bolter Helper
Loader Operator
Jumbo Drill Operator
Bolter Helper

Jumbo Drill (Areq)

Troy Unit Mine
Troy, Montana
RDHETA 88-104

NO; (ppm)

8.35
15.86
6.06
15.86
24.26
7.54
8.60
14.66
15.08
14.59
16.74
9.04

35.11
18.91
23.23
9.58
23.99
18.22
18.41
15.08

11.34
16.94
21.12
3177
0.89
14.43
25.83
22.58

NO (ppm)

5.80
11.28
4.21
10.59
17.31
4.83
6.10
10.60
10.74
10.23
12.06

24.76
13.48
15.45
6.81
16.72
12.88
12.68
10.42

7.88
11.77
15.26
21.82

0.56
10.42
17.78

NO, (ppm)

0.81
1.20
0.59
2.09
1.76
1.26
0.67
0.88
111
1.29
1.06

1.25

0.31
2.92
1.39
3.15
0.73
2.26
1.48
1.93
1.53
0.53
1.10
1.64
1.28
341
0.16
0.88
2.72
1.08
0.74
1.13



TABLE 3 (continued)

NO,/NO/NO, TWA EXPOSURE (MINE UNDERGROUND)
USING PASSIVE DOSIMETERS (PALMES METHOD)

Date JOB

7/15-16/88 Trash Loader Operator
Clean-up Man
Track Drill Operator
Powderman
Jumbo Drill Operator
Bolter Operator
Track Drill Operator
Jumbo Drill Operator
Bolter Helper
Track Drill Operator
Primary Crusher Operator
Shifter
L oader Operator
Bolter Helper
Truck Driver
Truck Driver
Blaster
L oader Operator
Truck Driver
Truck Driver
Bolter Operator
Blade Operator
Primary Crusher Helper
Loader Operator

Range
Mean
Standard Deviation

NO, - Tota Oxides of Nitrogen
NO - Nitric Oxide

NO, - Nitrogen Dioxide

ppm - Parts Per Million Parts of Air
TWA - Time weighted average

Troy Unit Mine
Troy, Montana
RDHETA 88-104

NO; (ppm)

1.13
111
19.09
33.72
17.07

11.67
18.23

2.74

2.07
111
15.6

7.62
12.43
16.74
24.01
25.49
10.68
13.83

35.11-0.89
15.62
7.99

NO (ppm)

0.67
7.65
13.16
24.25
12.25

8.05
12.69

1.75
145
7.55
10.98
5.45
8.60
11.55
1591
17.52

24.76-0.56
10.99
5.74

NO, (ppm)

0.26
1.16
1.98
2.20
1.14
4.61
1.22
1.73
3.14
0.46
0.16
1.29
1.32
0.53
1.25
1.73
3.33
2.71

21

0.90
0.16
0.59

4.61-0.16
1.45
0.94



TABLE 4
NO, TWA EXPOSURE (MINE)

Troy Unit Mine
Troy, Montana
RDHETA 88-104
95% Lower 95% Upper
Number of Range (ppm) Mean Standard Confidence Confidence
Job Samples High Low (ppm) Deviation Limit Limit
All 54 461 0.16 1.45 0.94 1.20 1.70
Truck Driver 12 226  0.67 1.36 0.44 111 1.61
Loader Operator 8 315 0.26 1.47 1.02 0.76 2.18
Bolter Op./Helper 9 461 053 2.13 1.34 1.25 3.01
Track Drillers 6 341 046 1.42 111 0.53 231
Jumbo Drillers 6 209 053 1.12 0.73 0.54 1.70
Powdermar/Blaster 5 333 126 1.99 0.82 1.27 271
Primary Crusher
Operator/Hel per 3 0.16 0.16 0.16 0 - -
Blade Operator 2 081 0.90 0.86 0.06 - -
Clean-up 1 116 116 1.16 - - -
Shifter 1 129 129 1.29 - - -
Pad (Shop Area) 1 031 031 0.31 - - -

NO, - Nitrogen Dioxide
TWA - Time Weight Average
ppm - Parts Per Million Parts of Air



TABLES

RESULTS OF SAMPLING FOR NO, (MINE)
USING DRAGER DETECTOR TUBES

Troy Unit Mine
Troy, Montana
RDHETA 88-104
Date Time Area Equipment in Area
7/13/88 Haulageway 2 Trucks
Heading East 68 1 Loader, 2 Trucks
7/14/88 1520 Pad 4 Trucks, 3 Loaders
1850 Pad
1610 West 1 Track Dirill
2110 West 1 Track Dirill
7/15-16/88 2355 East 55 Bench 2 Trucks, 1 Loader
0100 East 55 Bench 2 Trucks, 1 Loader
0115 East 55 Bench 2 Trucks, 1 Loader
0130 East 55 Bench 2 Trucks, 1 Loader
0010 Lower West B39 3 Trucks, 1 Loader
0025 Lower West B39 3 Trucks, 1 Loader
2340 West 1 1 Track Dirill, 1 Loader

NO, - Nitrogen Dioxide

ppm - Parts Per Million Parts of Air



TABLE 6

NO,/NO/NO, TWA EXPOSURE (SURFACE)
USING PASSIVE DOSIMETERS (PALMES METHOD)

Troy Unit Mine
Troy, Montana
RDHETA 88-104
Date Job NO, (ppm) NO (ppm) NO, (ppm)
7/18/88 Crusher Maintenance 0.47 0.29 0.09
Crusher Maintenance 0.40 0.30 0.01
Crusher Maintenance 0.54 0.40 0.01
Lubeman 0.12 0.09 ND
Mill Maintenance 0.53 0.38 0.03
Mill Maintenance 0.60 0.41 0.07
Mill Maintenance 0.53 0.38 0.03
Mill Maintenance 0.72 0.52 0.04
Mill Maintenance 1.01 0.72 0.08
7/19/88 Mill Operator 0.42 0.28 0.05
Float Operator 0.17 0.07 0.08
FHoatman 0.15 0.08 0.05
Range 1.01-0.12 0.72-0.07 0.09-ND
Mean 0.47 0.32 0.04
Standard Deviation 0.25 0.19 0.03

NO, - Tota Oxides of Nitrogen
NO - Nitric Oxide

NO, - Nitrogen Dioxide

TWA - Time Weighted Average
ppm - Parts Per Million Parts of Air
ND - None Detected



TABLE 7

BENZENE SOLUBLE POLYNUCLEAR AROMATIC HY DROCARBONS
Troy Unit Mine
Troy, Montana

RDHETA 88-104

Date Job/Location

7/13/88  Bolter (West C42)
L oader #307 (East 68)
Truck #436 (West 61)
Truck #437 (West 61)
Truck #434 (East 68)
Track Drill (West 1)
Jumbo Drill (West C43)
Outsde Mine
Underground Shop
Loader #314 (West 40/43)

7/14/88  Bolter

Track Drill (West 1)

Outsde Mine

Truck #435 (East 55)

Truck #437

Loader #314 (East 55)

Underground Shop

Jumbo Dirill

Limits of Detection (LOD)

CTPV - Cod Tar Pitch Voldtiles

Mg/m? - Milligrams Per Cubic Meter of Air
ug/im? - Micrograms Per Cubic Meter of Air
ND - None Detected

Totd Benzene
Solubles (CTPV)

(mg/nt)
0.38

0.25
0.05mg

Polynuclear Aromatic Compounds

Acen-
gphthene
(Hgn)
1.56

1.96

Phen-
anthrene
(ug/im?)
1.40
2.64
1.07
1.16
1.23
1.06
1.15
ND

1.00
ND

Anthracene
(ug/im)
0.37

0.33

0.17

0.17

0.21

1.06

0.55

ND

0.16
ND

Fluro-
anthene

(Lgn)
0.21
0.43
0.24
0.24
0.28
0.13
0.26
ND

0.21
ND

NOTE - In addition to the above listed polynuclear aromatic compounds, the samples were also analyzed for Benz(a)anthracene, Benzo(b)fluoranthene,

Benzo(k)fluoranthene, Benzo(e)pyrene, Benzo(a)pyrene, Indeno(1,2,3-cd)pyrene, Dibenz(ah)anthracene. and Benzo(ghi)perylene. Non of these

analytes were detected (LOD 0.03 ug).



Date

7/13/88

7/14/88

Job

Loader (A)

Blade Operator (P)
Loader Operator (P)
L oader Operator (P)
Truck Driver (P)
Truck Driver (P)
Truck Driver (P)
Bolter Operator (P)
Truck Driver (P)

Track Drill Operator (P)

Bolter Operator (P)
Truck Driver (P)
Truck Driver (P)
Loader Operator (P)
L oader Operator (P)
Truck Driver (P)
Bolter Operator (P)
Truck Driver (P)
Loader Operator (P)
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TABLE 8

DIESEL FRACTION OF RESPIRABLE DUST (TWA)

Totd Respirable
Mass (mg/nt)

4.80
1.28
1.97
4.61
1.71
1.16
1.96
1.18
1.51

1.57
1.79
1.87
2.08
147
VOID
1.94
4.72
1.95
3.00

Troy Unit Mine
Troy, Montana
RDHETA 88-104

Non-Diesdl
Fraction (mg/m?)

1.00
0.25
0.34
0.73
0.27
0.16
0.69
0.22
0.38

0.42
0.35
0.42
0.38
0.41
VOID
0.34
0.73
0.27
0.81

Diesd Fraction
(mg/n?)

3.80
1.03
1.63
3.88
1.44
1.00
1.27
0.96
1.13

1.15
1.44
1.45
1.70
1.06
3.45
1.60
3.99
1.68
2.19

% of Died Fraction
Lost After LTA



TABLE 8 (continued)
DIESEL FRACTION OF RESPIRABLE DUST (TWA)

Troy Unit Mine
Troy, Montana
RDHETA 88-104
Totd Respirable Non-Diesdl Diesd Fraction % of Diesd Fraction
Dae Job Mass (mg/nT) Fraction (mg/nm?) (mg/n7) Lost After LTA
7/15-16/88 Pead (Shop) (A) 0.69 0.10 0.59 NA
Bolter (A) 314 0.85 2.29 100
Jumbo Drill (A) 1.33 0.21 1.12 100
Track Drill (A) 0.30 0.08 0.22 NA
Loader (A) 1.83 0.59 1.24 100
Loader (A) 0.48 0.15 0.33 NA
Truck (A) 1.83 0.29 154 99
Truck (A) 0.43 0.13 0.30 NA
Truck (A) 247 0.45 2.02 100
Truck (A) 0.70 0.19 0.51 NA
Loader (A) 2.53 0.67 1.86 100
Range 4.80-0.30 1.00-0.10 3.99-0.22
Mean 1.94 0.41 1.60
Standard Devidtion 1.18 0.23 1.02

TWA - Time-weighted Average.

Totd Respirable Mass - Aerosols having aerodynamic diameter of less than one micrometer up through ten micrometers.

Non-Diesd Fraction - Aerosols having aerodynamic diameter of one to ten micrometers.

Diesd Fraction - Aerosols having aerodynamic diameter of less than one micrometer (sub-micrometer).

LTA - Low Temperature Ashing - Filters containing the sub-micrometer particulate were subjected to LTA to determine
what percent of the particulate was organic/diesd.

NA - Not andyzed.

mg/n? - milligrams per cubic meter of air.

(P) - Persona sample.

(A) - Areasample.



TABLE9

RESULTS OF SAMPLING FOR CO
USING LONG TERM DETECTOR TUBES

Troy Unit Mine
Troy, Montana
RDHETA 88-104
Date Job Location Time Concentration (ppm)
7/13/88 Bolter West C42 0840-1300 ++
Loader #307 East 68 0818-1440 ++
Truck #436 West 61 0828-1400 6.02
Truck #437 West 61 0812-1405 11.33
Truck #434 East 68 0810-1415 ++
Track Drill West 1 0820-1340 2.34
Jumbo Dirill West C43 0850-1320 ++
Pad 0910-1418 8.11
Loader #314 West 40/43 0902-1445 ++
7/14/88 Bolter - 1650-2128 17.98
Track Drill West 1 1610-2110 6.66
Truck #435 East 55 1505-1839 13.55
Truck #418 East 55 1509-1841 ++
Truck #437 - 1515-1836 19.90
Truck #432 - 1510-1828 25.0
Loader #307 - 1520-1848 9.61
Loader #301 East 61,63,64 1510-1858 ++
Loader #314 East 55 1515-1854 ++
Jumbo Dirill - 1625-2145 9.37

CO - Carbon Monoxide

PPM - Part Per Million Parts of Air

++ - Unable to determine definite concentration because the maximum readable
amount on the detector tube was exceeded. The range of measurement in
PPM for maximum duration of use (v4 hours at 20 cc/min) is2.5to
25 ppm.



TABLE 10

RESPIRABLE PARTICULATE AND
FREE SILICA - UNDERGROUND OPERATION

Troy Unit Mine
Troy, Montana
RDHETA 88-104
Respirable Respirable Respirable
Particulate Particulate % Free Free Sllica

Dae Job/Location TWA (mg/n?) TLV (mg/n?) Slica TWA (mg/n?)
7/13/88 (A) Truck 434/West 61 & East 68 1.90 2.70 1.70 0.03

(A) Bolter/West C42 2.19 1.63 412 0.09

(A) Loader 307/East 68 0.46 0.54 16.67 0.08

(A) Truck 436/West 61 1.70 50 ND 0

(P) Primary Crusher Helper 0.93 0.34 27.88 0.26

(A) Track Drill/1 West 0.74 1.43 50 0.04

(A) Jumbo Drill/West C43 2.03 241 2.15 0.04

(A) Pad 0.90 1.19 6.38 0.06

(A) Loader 314/West 40 & 43 0.26 5.0 ND 0
7/14/88 (A) Bolter 0.59 5.0 ND 0

(A) Truck 435/East 55 2.50 2.19 2.56 0.06

(A) Truck 418/East 55 Bench 231 131 5.65 0.13

(A) Truck 437 1.84 2.35 2.26 0.04

(A) Truck 432 241 2.30 2.34 0.06

(A) Loader 307 247 1.92 3.21 0.08

(A) Loader 301/E 61-3-4 Top Slice 3.53 1.37 5.28 0.19

(A) Loader 314/ East 55 Bench 247 1.96 3.11 0.08

(P) Bolter Helper 3.88 1.54 4.49 0.17

(P) Bolter Hel per 1.87 50 ND 0

(P) Jumbo Drill Operator 0.43 0.99 8.11 0.03

(P) Track Drill Operator 16.74 0.20 48.0 8.03

(P) Primary Crusher Helper 2.37 0.56 15.77 0.37



TABLE 10 (continued)

RESPIRABLE PARTICULATE AND
FREE SILICA - UNDERGROUND OPERATION

Troy Unit Mine
Troy, Montana
RDHETA 88-104
Respirable Respirable
Particulate Particulate % Free

Dae Job/Location TWA (mg/n?) TLV (mg/n?) Slica
7/15-16/88  (P) Track Drill Operator 2.63 1.73 3.77

(P) Primary Crusher Helper 2.94 0.25 37.94

(P) Jumbo Drill Operator 1.30 141 5.08

(P) Bolter Operator 3.72 1.84 3.43

(P) Bolter Operator 2.38 1.69 3.90

(P) Truck Driver/West 40 0.70 1.88 3.33

(P) Truck Driver 1.66 1.88 331

(P) Loader Operator 1.69 251 1.99

(P) Truck Driver 0.50 5.0 ND

(P) Truck Driver/East 55 1.12 1.22 6.19

(P) Loader Operator/East 55 Bench 241 1.62 4.19

(P) Loader Operator 0.53 0.92 8.89

Evduation Criteria 10 mg/n?®

% Respirable Quartz + 2
(MSHA)

mg/n? - Milligrams per cubic meter of air

(A) - AreaSample

(P) - Persond Sample

ND - None Detected - Limit of Detection 0.018 mg/m?

Respirable
Free Slica
TWA (mg/n?)

0.10
111
0.07
0.13
0.09
0.02
0.05
0.03

0.07
0.10
0.05

0.05 mg/n?
(NIOSH)



Date
7/18/88

7/19/88

Job/Location

Maintenance/Crusher
Maintenance/Crusher
Maintenance/Crusher

L ubemar/Crusher
Maintenance/MIill
Maintenance/MIill
Maintenance/MIill
Maintenance/MIill
Maintenance/MIill
Maintenance/MIill
Maintenance/MIill
Crusher Helper/Crusher
Crusher Helper/Crusher
Crusher Operator/Crusher
Maintenance/Crusher
Maintenance/Crusher
Maintenance/Crusher
Hoat Operator/Mill
Hoat Operator/Mill
Sample Preparer/Mill
Maintenance/MIill
Maintenance/MIill
Maintenance/MIill

Range
Mean
Standard Deviation

Evduation Criteria

TABLE 11

PERSONAL RESPIRABLE PARTICULATE AND
FREE SILICA EXPOSURE - SURFACE OPERATION

Troy Unit Mine
Troy, Montana
RDHETA 88-104
Respirable Respirable
Particulate Particulate
TWA (mg/n?) TLV (mg/n?)
0.17 5.0
0.40 0.36
0.14 0.26
0.10 0.33
0.77 0.28
3.36 2.37
0.30 0.54
0.19 0.65
0.17 0.37
0.37 0.44
0.30 0.37
0.33 0.26
0.19 0.43
0.08 0.17
0.31 0.66
0.10 0.37
0.43 0.58
0.16 0.28
0.06 0.24
0.19 0.31
0.17 0.28
0.07 50
0.32 0.93
0.06-3.36
0.38
0.67

10 mg/m?

% Respirable Slica+ 2
(MSHA)

TWA - Time-Weighted Average, TLV - Threshold Limit Value, mg/m® - Milligrams per cubic meter of air
ND - Non Detected, limit of detection 0.018 mg/m?

% Free
Slica

ND
25.81
36.36
28.57
33.87

2.22
16.67
13.33
25.0
20.69
25.0
36.0
21.43
57.14
13.04
25.0
15.15
33.33
40.0
30.76
33.33

ND

8.70

ND-40.00
2354
13.87

0.03

0-0.03
0.06
0.05

0.05 mg/n?
(NIOSH)



Number of Samples

Mean Dust Concentration (Mg/nt)

Mean Quartz Content

(percent by weight)
Percent of Samples> MSHA TLV
Percent of Samples > NIOSH
Recommended Standard for
Respirable Silica

NOTES: Range of dataiis shown in parenthesis

ND - Non Detected - Limit of detection was 0.018 mg/n?®

TABLE 12
SUMMARY OF RESPIRABLE DUST

SAMPLES
Troy Unit Mine
Troy, Montana
RDHETA 88-104
Underground Operation

Personal Area All

18 16 34

2.66 177 2.24
(0.43-16.74) (0.26-3.53) (0.43-16.74)

10.3 3.8 7.3
(ND-37.94) (ND-16.67) (ND-37.94)

50 44 47

61 56 59

Surface Operation

Persond
23

0.38
(0.06-3.36)

23.54
(ND-40.0)

17
39



Date
7/13/88

7/14/88

7/15-16/88

7/18/88

7/19/88

TABLE 13

PERSONAL NOISE DOSIMETER RESULTS

Troy Unit Mine
Troy, Montana
RDHETA 88-104

Job

Blade Operator
Primary Crusher Helper
Track Drill Operator
Bolter Operator

Truck Driver

Primary Crusher Helper
Track Drill Operator
Truck Driver

L oader Operator
Truck Driver

Bolter Operator

Truck Driver

Bolter Helper

Loader Operator
Jumbo Drill Operator

Track Drill Operator
Primary Crusher Helper
Jumbo Drill Operator
Bolter Operator

Truck Driver

L oader Operator
Bolter Helper

Secondary Crusher Maintenance
Secondary Crusher Maintenance
Secondary Crusher Maintenance
Secondary Crusher Lubeman
Mill Maintenance

Mill Maintenance

Mill Maintenance

Mill Maintenance

Mill Maintenance

Mill Maintenance

Secondary Crusher Helper
Secondary Crusher Helper
Secondary Crusher Operator
Secondary Crusher Maintenance
Secondary Crusher Maintenance
Mill Operator

Float Operator

Float Man

Mill Maintenance

TWA - Time-Weighted Average
dBA - Decibe Leved, A-Scae Weighted

8-Hour TWA
Sound Leve (dBA)
91.8

89.2

914

96.8

100.8

85.6
101.1
103.8

92.1
100.6

97.4

96.4

97.3

91.3
101.9

95.6
77.6
99.6
95.2
96.1
95.5
88.8

93.4
75.4
88

65.5
95.2
79.6
78.2
83.1
77.8
84.0

73.6
87.8
90.6
79.4
94.5
80.3
78.5
70.1
79.3



TABLE 14

PREVALENCE OF CHRONIC COUGH, PHLEGM, AND DY SPNEA IN TROY MINERS
AND BLUE-COLLAR (BC) WORKERSBY CIGARETTE SMOKING HABIT

TROY UNIT MINE
TROY, MONTANA
RDHETA 88-104

Current Smoker Former Smoker Never Smoker
N % Affected N % Affected N % Affected

Chronic Cough

Troy 42 69 35 34 45 33

BC 651 20 207 8 512 8
Chronic Phlegm

Troy 42 74 35 43 45 47

BC 648 18 206 13 512 8
Chronic Dyspnea

Troy 42 0 35 3 45 0

BC 647 3 207 3 510 2



Current Smoker

Former Smoker

Never Smoker

Age
<30

30-39

>39

Tota

AVERAGE DIFFERENCE** FROM PREDICTED FEV, (I) and FVC (I) BY AGE GROUP

Comparison
Group*

BC
KN

BC
KN

BC
KN
BC
KN

BC
KN

BC
KN

BC
KN

Number
Subjects

42
42

35
35

45
45
49
49

42
42

31
31

122
122

TABLE 15

AND CIGARETTE SMOKING HABIT

TROY, MONTANA

FEV,
Average
Difference

0.12
-0.09

0.08
0.01

0.17
0.15
0.09
0.08

0.23
0.14

0.04
-0.20

0.13
0.03

TROY UNIT MINE
RDHETA 88-104
SD of
Difference

0.47
0.50

0.50
0.56

0.54
0.57
0.50
0.55

0.47
0.47

0.53
0.61

0.50
0.55

+ KN: Knudson Predicted Vaue, BC: Blue-collar Worker Predicted Vaue.

** Difference; Obsarved Minus Predicted Vaue.

Number
Subjects

42
42

35
35

45
45
49
49

42
42

31
31

122
122

FvC
Average
Difference

0.32
0.32

0.36
0.40

0.34
0.36
0.38
0.40

0.43
0.41

0.14
0.22

0.34
0.36

SD of
Difference

0.56
0.57

0.61
0.58

0.54
0.56
0.48
0.51

0.51
0.49

0.71
0.73

0.56
0.57



TABLE 16

PREVALENCE OF ACUTE SYMPTOMS"OFTEN" OCCURRING AT WORK
REPORTED BY CURRENT JOB LOCATION

TROY UNIT MINE
TROY, MONTANA

RDHETA 88-104

Surface Underground Tota

N=32 N=89 N=121

% Affected % Affected % Affected
Cough 22 16 17
Nose Tickled/Irritated 19 18 18
Sneeze 16 9 11
EyesItch/Burn 19 34 30
Eyes Tearing 9 16 14
Sore Throat 6 9 8
Difficulty Breething 3 4 4
Chegt Tightness 6 6 6
Upset Stomach 9 18 16
Wheezing 9 9 9
Headache 9 17 15



Cough

Nose Tickled/Irritated
Sneeze

Eyes Itch/Burn
Eyes Tearing

Sore Throat
Difficulty Bregthing
Chest Tightness
Upset Stomach
Wheezing
Headache

TABLE 17

PREVALENCE OF ACUTE SYMPTOMS OCCURRING AT WORK

ON THE DAY OF SHIFT SPIROMETRY
REPORTED BY CURRENT JOB LOCATION

RDHETA 88-104
Surface Underground
N=8 N=73
% Affected % Affected
75 55
38 33
62 33
50 42
38 21
50 10
25 15
25 15
38 15
62 18
22 19

TROY UNIT MINE
TROY, MONTANA

Totd
N=81
% Affected



TABLE 18

AVERAGE CHANGE** IN FEV, (I) and FVC (I) OVER THE WORKSHIFT
BY CURRENT JOB LOCATION COMPARED TO NON-DUST EXPOSED BLUE-COLLAR WORKERS

TROY UNIT MINE
TROY, MONTANA

RDHETA 88-104
TROY BLUE COLLAR
SURFACE UNDERGROUND
N=8 N=73
AVERAGE CHANGE (SD) AVERAGE CHANGE (SD)
FEV, -0.09 (0.22) -0.08 (0.21)*+
FVC -0.10 (0.09)* + -0.07 (0.17)*+

**Change: After shift - Before shift.
* Average change different from zero (t-test; p<0.05).
+Average change different from blue-collar average change (t-test; p<0.05).

TOTAL
N=944
AVERAGE CHANGE (SD)

-0.04 (0.19)
-0.02 (0.21)



Reading

0/0
0/1
1/0
V1

TABLE 19

CHEST RADIOGRAPHS
CUMULATIVE MEDIAN PROFUSION CATEGORY

TROY UNIT MINE
TROY, MONTANA

RDHETA 88-104
Frequency Percent
250 85.3
25 8.5
15 51



APPENDIX I
RESPIRATORY PROTECTION PROGRAM

A written respirator program must include the following:
A. Specific procedures identifying who must wear respiratory protection, when and whét type isto be worn.

The information can be organized asfollows:

JobClass Task Respirator Catridge Type

Respirators must, of course, be selected according to the contaminants present and their expected
concentrations.

B. Proceduresfor cleaning, maintaining, inspecting and storing respirators issued to individuds for their exdusive use.

Employees should clean, ingpect and store such respirators following each day's use. Ingtructions for this
should be developed aong with procedures for replacing cartridges. The frequency of cartridge
replacement should be stated clearly.

A schedule for centra cleaning and inspection of these respirators should aso be developed. Employees
should turn their respirators over to a person at a centra location periodicaly (and be given replacement
respirators) for this purpose.

C. Proceduresfor cleaning, disnfecting, maintaining and inspecting respirators issued centraly to more than one
individudl.

These respirators should be returned to the centra respirator location following each use and should not be
used by more than oneindividua between cleanings.

Issuance of these respirators should be based on the information described in (A) above. Deviations from
these procedures should not be permitted without approval of the plant industria hygienist.

D. Traning procedures.
These should specify annud training for al employees required to wear respirators. Training should include:

1. Hazard of contaminants.

2. Typeof respirator (and cartridge if applicable) to wear, under what circumstances.

3. How to wear the respirator properly.

4. Fittesting.

5. How to clean, ingpect, maintain, and store (for employees issued respirators for their exclusve use).



APPENDIX (continued)
RESPIRATORY PROTECTION PROGRAM

A variety of respirator Szes and/or brands of respiratorsis usually needed to obtain good fits for severa
workers. Respirators found to fit an employee properly should be recorded for reference when issuing
respirators.

E. Physcian approvd.

Each employee should be approved by a physician to wear arespirator before he/she isassgned to ajob
requiring respirator use.

F. Periodic program evauetion.

The person assigned to administer the respirator program should evaluate the program periodically.
Specific items to be reviewed should be listed in this section of the written respirator program.



